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GLUCOCORTICOID RECEPTORS
IN LIVER CYTOSOL OF ADRENALECTOMIZED
DIABETIC AND NONDIABETIC CHINESE HAMSTERS
Richard E. Gibson, M.S.
Western Michigan University, 1980
The binding characteristics of glucocorticoid receptors in the
liver cytosol of Chinese hamsters of the BE, BD (diabetic), and AV
(nondiabetic) lines were studied and compared using a charcoal
adsorption technique and
(K

d

� 3 x 10

3

H-dexamethasone.

High affinity receptors

-9 M) were found with concentrations of 180 fmoles/mg

protein in the nondiabetic and 260 fmoles/mg protein in the diabetic
hamsters.

Behavior of the receptor-steroid complex in 5 to 20%

sucrose gradients of low and high salt concentrations (O.O and 0.3 M
KCl) and the competitive binding of other steroids were consistent
with findings for rat liver glucocorticoid receptors.
Affinity, specificity and homogeneity under assay conditions
were similar for glucocorticoid receptors of diabetic and non
diabetic hamsters.

The 44% greater receptor concentration in

diabetic hamsters was not statistically (p > 0.05) different from
that in nondiabetic hamsters, but a trend was indicated.

The

importance of this trend relative to the diabetic state has not
yet been determined.
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INTRODUCTION
Target organ responses to glucocorticoids have been shown to
be correlated with the presence of cellular receptors that are
highly specific for glucocorticoids (Munck and Leung, 1977).
These receptors have been studied extensively_ in liver cytosol of
adrenalectomized rats (King and Mainwaring, 1974).
One problem in the investigation of intracellular glucocorti
coid receptors has been the competitive interference of cortico
steroid binding globulin (CBG), a common contaminate of cytosol
preparations.

This problem has been circumvented through the use

of dexamethasone, a synthetic glucocorticoid that has a low
affinity for CBG (Munck and Leung, 1977; Roussear � al., 1972).
However, dexamethasone remains highly active as a glucocorticoid
at the cellular level (Baxter and Tomkins, 1971) and it is
believed to bind to the normal, functioning intracellular gluco
corticoid receptor (Beato and Feigelson, 1972).
The receptor that binds dexamethasone in the liver of
adult rats is a protein (Koblinsky et al., 1972) with a dissociation constant of approximately 10

-9

M, and an intracellular

concentration of 0.1 to 0.6 pmoles per mg of protein (Beato and
Feigelson, 1972; Endres et al., 1979).

These characteristics are

indicative of high affinity, relatively low capacity steroid
receptors.
Glucocorticoids have major effects on glucose metabolism,

1

and may play a significant role in the physiology of diabetes
mellitus.

The rate of gluconeogenesis in human diabetics may

be greater than that of normals as evidenced by an increase in the
conversion rate of lactate and pyruvate to blood glucose in
diabetics (DeMeutter and Shreeve, 1963).

In addition, gluco

corticoids induce increased gluconeogenic activity on rat liver
slices (Haynes, 1962).

However, the contribution of glucocorti

coids to the elevated gluconeogenic activity in human diabetics
and the mechanism of such contribution is not fully understood.
A thorough knowledge of the subcellular actions of these hormones
in diabetics as compared to normal individuals is fundamental to
an understanding of the diabetic state.

As a consequence, one

question relevant to the functioning of glucocorticoids in
diabetics is:

Are the liver cytosol receptors for glucocorticoids

the same in diabetics and nondiabetics, and are they at the same
concentration in both cases?
An excellent animal model for investigating the biochemistry
of the diabetic state is provided by the spontaneously diabetic
Chinese hamster lines maintained in The Upjohn Company (Chang
et al., 1977; Gerritsen and Dulin, 1977).

Use of these genetically

diabetic lines negates the necessity of artificially inducing a
diabetic state.

This precludes the possible production of arti

facts not occurring in spontaneous diabetes mellitus.
No intracellular steroid receptors have been investigated
in these diabetic lines.

This paper presents a descriptive

2

study and comparison of glucocorticoid receptors in adrenalectomized diabetic and nondiabetic Chinese hamsters using
amethasone as the glucocorticoid.

3

H-dex-

3

MATERIALS AND METHODS
Experimental Animals
Male Chinese hamsters (Cricetulus gtiseus) of the BE, BD
(diabetic) and AV (nondiabetic) lines were donated by The Upjohn
Company.

The BE and BD animals had elevated fasted blood sugar

levels as determined by The Upjohn Company.

The animals were kept

in separate cages with a 12 hour light / dark regimen and
maintained on Purina Mouse Chow and water ad libitum.

Adrenal

ectomy, necessary for accurate measurement of receptor concentra
tion (Rouse et al., 1976; Feldman, 1974), was performed under
ether anesthesia four days before cytosol preparation.

A 0.9% NaCl

solution was substituted for drinking water following adrenal
ectomy.
Cytosol Preparation
Cytosol was prepared using a modification of the method
of Beato and Feigelson (1972).
(Buffer A:

An ice cold buffer solution

1 mM EDTA (potassium salt), 100 µM dithioerythreitol

and 20 mM Tris-HCl, broubht to a pH of 7.4 with 30% Trizma-base)
was used to perfuse the liver in situ via the portal vein.

All

subsequent procedures were carried out at 4 ° C or in an ice bath
unless otherwise stated.

The liver was minced in excess Buffer A

and filtered on Whatman #2 filter paper.

The residre was diluted

with Buffer A (2 ml/gm) and homogenized with a glass homogenizing

4

vessel packed in ice and a_refrigerated, motor driven, teflon
rotor.

The homogenate was centrifuged at 100,000 x g for 2 hours

and the supernatant below the-lipid layer was removed and used as
the cytosol fraction.
Measurement of Cytosol Protein Concentration
The protein concentration of the cytosol fraction was
determined using the method of Lowry� al. (1951) with bovine
serum albumin, fraction V, (ICN) as the standard.
Binding Assay
Binding activity of the cytosol for

3

H-dexamethasone was

determined using a modification of the method of Beato and
Feigelson (1972).
3

Aliquots of 100 µl of cytosol, 50 µl of

H-dexamethasone (New England Nu;lear, specific activity

36.0 Ci/rmnole) at varying concentrations (0 to 100 nM, in Buffer A)
and 25 µl of ethylene glycol containing unlabeled dexamethasone
(Sigma) at a concentration Oto 1000 times that of the labeled
dexamethasone and incubated for 2 hours.

At the end of the

incubation 50 µl of a charcoal-dextran mixture (940 mg washed
Norit-A charcoal and 94 mg dextran in 25 ml of 10 mM Tris-HCl,
pH 8.0, made up daily) was added, vortexed for 10 seconds,
incubated 10 minutes and centrifuged for 10 minutes at 3000 rpm.
A 100 µl aliquot of the supernatant was immediately placed in
4 ml of scintillation fluid and counted.

Counts were corrected for

quenching using the external standard ratio method.

From these

5
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data specific binding was determined using the simplified differ
ential method of Blondeau and Robel (1975):

where B , B , B and T represent the concentrations of specifically
2
1
s
bound labeled steroid, total labeled steroid bound, labeled steroid

bound in the presence of excess unlabeled steroid, and total
labeled steroid in solution, respectively.

Scatchard analysis

was used to determine the affinity and concentration of the dexa
methasone receptors (Scatchard, 1949).
Competitive Binding Study
Competitive binding activities of natural steroids for the
dexamethasone receptor were investigated using the procedure
described in the previous section.

Substitution of 25 µl of

competing steroid, at a concentration 10, 100 or 1000 times that of
the

3

H-dexamethasone (100

nM)

in ethylene glycol, for the unlabeled

dexamethasone allows it to compete for binding sites.

The

3
reduction in H-dexamethasone bound is indicative of the compet

itors' relative binding activity.

The steroids tested were

cortisol, corticosterone, aldosterone, progesterone, testosterone
and 17S-estradiol (Sigma).
Sucrose Gradient Study
In order to determine the sedementation behavior of the
steroid-receptor complex and its relative size and homogeneity

7
the complex was sedemented through sucrose gradients.

The cytosol

was treated as in the binding assays but twice the volumes and
100 nM

3

H-dexamethasone were used.

Aliquots of 200 µl of treated

cytosol were placed on 5 to 20% sucrose gradients made up in
either regular Buffer A (low salt) or Buffer A containing 0.3 M KCl
(high salt).

A 200 µl layer of Buffer A was ·placed over this.

The

gradients were centrifuged at 65,000 rpm for 2 hours in a vertical
rotor (TV 865, Sorvall).

Fractions were collected in 0.1 ml

increments and counted in 10 ml 0ptisol scintillation fluid.
Identical gradients were prepared containing

14

c

labeled

y-globulin and ovalbumin (Upjohn) and centrifuged as reference
markers.

RESULTS
Binding Parameters
Maximum specific binding was achieved after a 2 hour incubation (Fig. 1) when 50 nM

3

H-dexamethasone was used.

After this

time there was a gradual loss of binding, presumably due to
degradation of the receptors which led to a decrease in binding
capacity.

After 20 hours approximately 25% of the binding activity

was lost.

Using a cytosol preparation with a protein concentration

of 10 mg/ml saturation was achieved in 12 nM

3

H-dexamethasone

(Fig. 2).
High Affinity Dexamethasone Receptors
Scatchard analysis of the data yielded linear relationships
in the cytosols from nondiabetic and diabetic hamsters (Fig. 3).
Relatively high affinity receptors (K
methasone were indicated.

d

� 3 x 10

The difference in K

-9 M) for dexa-

d

between the receptor

population from nondiabetic and diabetic Chinese hamsters was not
significant (p > 0.1) as determined by Student's t test.
Receptor Concentration
Using the x intercepts on Figure 3 as an approximation of the
dexamethasone receptor concentration it was found that diabetic
hamsters have a receptor concentration that is about 44% greater
than that of the nondiabetics.

This difference is not statistically
8

9

Figure 1
Time vs. Concentration of Bound Dexamethasone
Using a single incubation mixture of 1 ml cytosol, 0.5 ml
50 nM

3

H-dexamethasone and 0.25 ml ethylene glycol, the effect of

incubation time on receptor-steroid binding was determined.

At

appropriate time intervals 200 µl samples were removed, treated
with 50 µl charcoal - dextran mixture and counted.
the amount of dexamethasone bound.

CPM represent

Maximum binding was achieved

in 2 hours and decreased after that time.

This graph represents

the data from one trial using a cytosol preparation from a
diabetic animal.

10

Figure 1
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Figure 2
3

H-Dexamethasone Concentration
vs.
3
Bound H-Dexamethasone

The saturation curves for the binding of

3

H-dexamethasone

were determined using the charcoal adsorption technique.

Bound

3H-dexamethasone is represented in CPM with separate curves for

total bound<•--•), nonspecifically bound (o--o), and specifically
bound (x--x).

This graph represents the data from one trial using

cytosol preparation from a nondiabetic animal.
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Figure 3
Scatchard Plots
for
Nondiabetic and Diabetic Groups

Each point represents the average of five binding assays.
The Scatchards for the nondiabetic and diabetic groups yield
linear relations (r = 0.99 and 0,98, respectively).

The dissocia-

tion constant and receptor concentration, ± standard deviation,
from the curve for nondiabetics (e--e) are 2,6 x 10

180 ± 50 fmoles/mg protein.

-9

± 0,6 Mand

Those for the diabetic (o--o) are

-9
3.2 x 10
± 0.4 M and 260 ± 50 fmoles/mg protein.
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significant (p > 0.05), but a trend was demonstrated.
Specificity of Observed Receptor
To test the specificity of the receptor other steroids were
allowed to compete with

3

H-dexamethasone for the binding sites.

For both the normal and diabetic hamsters the· ranking of the steraids as competitors was; cortisol
progesterone > testosterone

=

=

corticosterone > aldosterone >

17S-estradiol (Fig's. 4 and 5). This

indicates a high degree of specificity for dexamethasone with other
steroids having a lower affinity for the receptor.

There was no

apparent difference between nondiabetic and diabetic hamsters in
the competitive ability of the steroids tested.
Homogeneity of Receptor Population
The linearity of the Scatchard plots for the nondiabetic and
diabetic groups (r

=

0,99 and 0.98, respectively) is an indication

of the homogeneity of the receptor population.

Sedimentation of

labeled steroid-receptor complexes through 5 to 20% sucrose
gradients supported this, yielding similar peaks in both test
groups (Fig. 6).

The sedimentation coefficients and molecular

weights of the receptor steroid complexes were estimated using
y-globulin as the marker protein with an S value of 6.6 and
molecular weight of 150,000 daltons (Davis et al., 1974).

The

calculated S value of the complex was 9 Svedberg units with a
molecular weight in excess of 200,000 daltons.

These approximations

are dependent on the assumption that the receptor is a relatively

16

Figure 4
Dexamethasone Bound in the
Presence of Competing Steroids:
Nondiabetic

The ability of other steroids to compete for binding sites
is represented by the decrease in the amount of
bound.

3

H-dexamethasone

The ranking of the steroids as to their competitive

activity is; cortisol(□)= corticosterone (■)> aldosterone(A)>
progesterone(•)> testosterone (o)= 178-estradiol (e).
point represents the average of two trials.

Each
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Figure 4
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Figure 5
Dexamethasone Bound in the
Presence of Competing Steroids:
Diabetic
A comparison of the competitive activity of other steroids
for dexamethasone receptors of the diabetic hamsters, as indicated
by the reduction in bound

3

tt-dexamethasone, yields a ranking of;

cortisol(□)= corticosterone(■)> aldosterone(A)> progest
erone(•)> testosterone(o)= 17$-estradiol(e).
represents the average of two trials.

Each point

19

Figure 5
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Figure 6
Sedimentation Behavior of
Steroid - Receptor Complexes
Labeled steroid - receptor complexes were sedimented through
5 to 20% sucrose gradients at 65,000 rpm for 2 hours in a vertical
rotor.

Both the diabetic (- - -) and nondiabetics (--) major

peak was in the 9S to lOS region.

14

c

labeled y-globulin and

ovalbumin were used as marker proteins with S values of 6.6 and 3.6,
respectively.

Each curve represents the average of two tests.

21
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spherical protein (Martin and Ames, 1961).

It should be noted

that the difference in the heights of the peaks does not reflect a
true difference in receptor concentration with nondiabetics having
a greater concentration then diabetic, in contradiction to the
other findings in the Scatchard plots, but is due to differences in
homogenate dilution in cytosol preparation.

Sedimentation in a

sucrose gradient with a high salt concentration (0.3 M KCl) gave
a sedimentation coefficient of 3 to 4S for glucocorticoid receptors
in cytosol from diabetics (Fig. 7).

This is in good agreement

with results obtained using rat liver cytosol receptors labeled
in vivo and in vitro (Beato and Feigelson, 1972).

An identical

gradient was run using nondiabetic cytosol but data was not
obtained due to technical difficulties.

23

Figure 7
Sedimentation Behavior of
Steroid - Receptor Complexes in
High Salt Sucrose Gradients
Sedimenting labeled steroid - receptor complexes through a
5 to 20% sucrose gradient of high salt concentration (0.3 M KCl)
yielded a peak in the 3S to 4S region.

14

c

labeled ovalbumin (3.6S)

and y-globulin (6.6S) were run in identical gradients as reference
markers.
cytosol.

This curve is representive of a single run using diabetic

24

Figure 7
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DISCUSSION
The data presented indicate that there are receptors with
high affinity and specificity for dexamethasone in liver cytosols
of nondiabetic and diabetic Chinese hamsters.

If dexamethasone

acts as a glucocorticoid in Chinese hamsters as it does in other
species (King and Mainwaring, 1974) it can also be concluded that
the molecule investigated is a glucocorticoid receptor.

This

is supported by the relatively high competition levels of the
natural glucocorticoids, cortisol and corticosterone (Fig's. 4
and 5), for the receptor.
The affinity, sedimentation behavior, specificity and concent
ration of the dexamethasone receptors found in liver cytosols of
Chinese hamsters is consistent with values reported for other
species.

The dissociation constant (K

d

� 3 x 10

-9

M) is indicative

of a high affinity receptor (King and Mainwaring, 1974).
value compares well with a K
liver cytosol and 3.1 x 10

-9

d

of 4.0 x 10

-9

This

M reported for rat

M for HTC cells (Beato and Feigelson,

1972; Baxter and Tomkins, 1971).

The sucrose gradient sedimentation

activity of the receptor (Fig's. 6 and 7) is typical of glucocort
icoid receptors of rat liver and other tissues.

Cytoplasmic

hormone - receptor complexes in low salt generally sediment in
the 7S to 9S region with conversion to a 4S to 5S form in high salt
concentrations (Munck and Leung, 1977).

The competitive activity

of other steroids for the receptors (Figures 4 and 5) is consistent
with that found in other systems and species such as hepatoma
25

tissue culture cells, fetal-rabbit lung and rat liver (Baxter and
Tankins, 1971; Giannopoulos, 1973 and Litwack, 1975).

The concent

ration of glucocorticoid ieceptors in the liver cytosol of different
species varies from 0.64 pmoles/mg protein in the rat to 0.12
pmoles/mg protein in the rabbit (Ballard et·a1., 1974).

The levels

found in the Chinese hamster (Fig. 8) fall within this range.
A canparison of the affinity (Fig. 8), specificity (Fig's. 4
and 5), and homogeneity (Fig. 6) of liver glucocorticoid receptors
reveals little difference between nondiabetic and diabetic
hamsters.

However, alteration of the natural condition by adrenal

ectomy may obscure physiologically important differences.

For

example, it has been shown that the in vitro measurement of
cytoplasmic glucocorticoid receptors in the presence of endogenous
adrenocortical steroid may not give a true indication of total
receptor concentration (Rouse� al., 1976; Feldman, 1974).

Thus,

in order to reduce endogenous glucocorticoid levels it was
necessary to adrenalectomize the test animals.

This procedure may

alter, either directly or indirectly, the receptor, its concent
ration, and/or its binding activity.

The assumption was made in

comparing test results in diabetics and nondiabetics that any such
alterations were the same in both cases.

It should be noted,

however, that this assumption has not been tested.
The probability (0.1 > p > 0.05) that the elevated level of
receptor in the diabetics is real and not fue to variances in
assay technique is such that it may prove to be significant with
further refinement of technique and increased experimental

26
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Figure 8
Comparison of Diabetic and Nondiabetic
Liver Glucocorticoid Receptor Concentrations and
Dissociation Constants
Each bar represents the average value obtained from five
separate binding assays.
intervals.

Error bars are for the 95% confidence
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populations.

Given the assumption that the difference in receptor

concentration is real there is a logical correlation between
elevated gluconeogenesis in diabetics and the elevated receptor
concentration.

Whether such a correlation has any meaning relative

to actual control of gluconeogenesis would require extensive
investigations into the many other aspects of the steroid-receptor
control mechanism such as receptor transformation, nuclear trans
location, nuclear binding, and enzyme induction.
In conclusion, the data indicate that there is a glucocorticoid
receptor in liver cytosol of the Chinese hamster as has been found
in all investigated glucocorticoid target tissues (Munck and Leung,
1977).

It can also be noted that if there are any differences

between the normal and diabetic Chinese hamsters in the effect
of glucocorticoid on liver cell functions it is probably not due
to variances in the receptor-steroid interaction at the cytosol
level although the receptor concentration may be of sooie
importance.

BIBLIOGRAPHY
Agarwal, M. K. 1976. Evidence that Natural vs. Synthetic Steroid
Hormones Bind to Physiochemically Distinct Cellular Receptors.
Biochemical and.Biophysical Research·commurtications.
73: 767-772.
Ballard, P. L., J. Baxter, S. J. Higgins, G. G. Rousseau, and
G. M. Tomkins. 1974. General Presence of Glucocorticoid
Receptors in Mammalian Tissues. Endocrinology. 94: 998-1002.
Baxter, J. D. and R. D. Ivarie. 1978. Regulation of Gene
Expression by Glucocorticoid Hormones; Studies of Receptors
and Responses in Cultured Cells. In Receptors and Hormone
Action. vol. 2. ed: B. W. 0'Malley and L. Birnbaumer.
New York: Academic Press. pp. 251-296.
Baxter, J. D. and G. M. Tomkins. 1971. Specific Cytoplasmic
Glucocorticoid Hormone Receptors in Hepatoma Tissue Culture
Cells. Proceedings of� National Academy of Science.
68: 932-937.
Beato, M. and P. Feigelson. 1972. Glucocorticoid - Binding
Proteins of Rat Liver Cytosol. Journal of Biological
Chemistry. 247: 7890-7896.
Blondeau, J. P. and P. Robel. 1975. Determination of Protein Ligand Binding Constants at Equilibrium in Biological Samples.
European·Jourrtal of.Biochemistry. 55: 375-384.
Cake, M. H., J. A. Goidl, L. G. Parchman and G. Litwack. 1976.
Involvement of Low Molecular Weight Component(s) in the
Mechanism of Action of the Glucocorticoid Receptor.
Biochemical and Biophysical Research Communications.
71: 45-52.
Carlstedt -Duke, J., J. Gustafsson, s. A. Gustafsson, and.
o. Wrange. 1977. Interactions of Corticosterone, 5a
Dihydrocorticosterone and Dexamethasone with Proteins in
Rat-Liver Cytosol. · European Journal of Biochemistry.
73: 231-238.
Chang, A. Y., R. E. Noble, and B. M. Wyse. 1977. Comparison of
Highly Inbred Diabetic and Nondiabetic Lines in the Upjohn
Colony of Chinese Hamsters. Diabetes. 26: 1063-1071.

30

Christensen, H. N. 1 975, Dissociation, Enzyme Kinetics, Bio
energetics, Philadelphia: W. B. Saunders Co. pp, 1-185.

31

Clark, J, C. and E, J, Peck, Jr. 1977. Steroid Hormone Receptors:
Basic Principles and Measurement. Irt Receptors and Hormone
Action, vol. 1. ed: B, W, O'Malley and L, Birnbaumer.
New York: Academic Press. pp. 383-410.
Davis, B, D., R, Dulbecco, H, N. Eisen, H, S, Ginsberg, and
W, B. Wood, (eds.). 1974. Microbiology. Second edition,
New York: Harper & Row, Publishers, Inc. pp. 408- 409.
DeMeutter, R. C, and W. W. Shreeve, 1963. Conversion of DL
lactate-2-c14 or -3-c14 or Pyruvate-2-c14 to Blood Glucose
in Humans: Effects of Diabetes, Insulin, Tolbutamide, and
Glucose Load. Journal of Clinical Investigation, 42:
525-533.
Denenberg, V. H. 1976, Statistics and Experimental Design for
Behavioral and Biological Researchers. Washington, D, C.:
Hemisphere Publishing Corp. pp. 1-341.
Ellenberg, M. and H. Rifkin.
and Practice. New York:

1 970.

Diabetes Mellitus: Theory
McGraw - Hill Boak Co, pp. 99-300,

Endres, D. B., R. J, Milholland and F. Rosen. 1 979. Sex Differ
ences in the Concentration of Glucocorticoid Receptors in
Rat Liver and Thymus, Journal of Endocrinology. 80: 21-26.
Feldman, D. 1974. Ontogeny of Rat Hepatic Glucocorticoid Receptors.
Endocrinology. 97: 1219- 1227.
Feldman, D., J. W. Funder, and I. S. Edelman. 1973. Evidence
for a New Class of Corticosterone Receptors in the Rat
Kidney. Endocrinology, 92: 1429-1441 .
Freifelder, D. 1976. Physical Biochemistry: Applications to
Biochemistry and Molecular Biology. San Francisco:
W. H, Freemen and Co. pp. 1-570.
Gerritsen, G, C. and W. E. Dulin. 19 67. Characterization of
Diabetes in the Chinese Hamster. Diabetologia, 3: 74-84.
Giannopoulos, G. 1976. Effect of Endogenous Corticosterone on
the Determination of Dexamethasone Receptor Levels in Rat
Liver Cytosol. Steroids. 28: 51-66.
Giannopoulos, G. 1973. Glucocorticoid Receptors in Lung.
Journal of Biological Chemistry. 24 8: 3876-3883.

32
Granberg, J. P. and P. L. Ballard. 1977. The Role of Sulfhydryl
Groups on the Binding of Glucocorticoids by Cytoplasmic
Receptors of Lung and Other Mammalian Tissues. Endocrinology.
100: 1160-1168.
Haynes, R. C., Jr. 1962. Studies of an "In vitro" Effect of
Glucocorticoids on Gluconeogenesis. Endocrinology.
71: 399-406.
Hepp, K. D., J. Langley, H. J. von Funcke, R. Renner, and
W. Kemmler. 1975. Increased Insulin Binding Capacity of
Liver Membranes from Diabetic Chinese Hamsters. Nature.
258: 154.
King, R. J. B. and W. I. P. Mainwaring, (eds.). 1974. Steroid Cell Interactions. London: Butterworth & Co. pp. 1-440.
Kob linsky, M., M. Bea to, P. Feigelson, and M. Kalimi. 1972.
Glucocorticoid - Binding Proteins of Rat Liver Cytosol,
Journal of Biological Chemistry. 247: 7897-7904.
Kraft, N, , A. J, Hodgson and J, W. Funder. 1979. Glucocorticoid
Receptor and Effector Mechanisms: A Comparison of the Cort
icosensitive Mouse with the Corticoresistant Guinea Pig,
Endocrinology, 104: 344-349,
Lehninger, A, 1 ,' 1970, Biochemistry,
Publishing Inc, pp, 1-833.

New York: Worth

Lisbon, B, P, 1969, Chromatography of Sterols and Steroids,
In Lipid Chromatographic Analysis, ed: G, V, Marinette,
New York: Marcel Dekker, Inc, pp, 57-147,
Litwack, G, 1975, Corticosteroid Binding Proteins and the Hormone
Receptor in Liver, In Advances in Enzyme Regulation, vol, 13,
ed: G, Weber, New York: Pergamon Press, pp, 151-171,
Lowry, 0, H,, N. J, Rosebrough, A, L. Farr, and R, J, Randall.
1951. Protein Measurement with the Falin Phenol Reagent,
Journal of Biological Chemistry, 193: 265-275,
Martin, R, G, and B, N, Mes, 1961. A method for determining the
sedimentation behavior of enzymes: Application to protein
mixtures, Journal of Biological Chemistry, 236: 1372-1379,
Middlebrook, J, L, and L, Aronow, 1977, Physicochemical Properties
of Glucocorticoid Receptors from Mouse Fibroblasts,
Endocrinology. 100: 271-281,

33
Munck, A. and K. Leung. 1977. Glucocorticoid Receptors and
Mechanisms of Action. In Receptors and Mechanism of Action
of Steroid Hotrilones. Part II. ed: J. R. Pasqualini.
New York: Marcel Dekker, Inc. pp. 311-397.
Murphy, B. E. P. 1967. Some studies of the protein - binding of
steroids and their application to the routine micro and ultra
micro measurement of various steroids in body fluids by
competitive protein - binding radioassay. Journal of Clinical
Endocrinology. 27: 973-989.
Rees, A. M. and P. A. Bell. 1975. The Involvement of Receptor
Sulphydryl Groups in the Binding of Steroids to the Cytoplasmic
Glucocorticoid Receptor from Rat Thymus. Biochimica et
Biophysica Acta. 411: 121-132.
Rosner, W. and S. T. Polimeni. 1978. An Exchange Assay for the
Cytoplasmic Glucocorticoid Receptor in the Liver of the Rat.
Steroids. 31: 427-438.
Rouse, K. L., P. Helen Pearce, and I. T. Oliver. 1976. The Effect
of Hormones on Glucocorticoid Binding Capacity of Rat Liver
Cytosol. Life Sciences. 17: 1571-1578.
Rousseau, G. G., J. D. Baxter, and G. M. Tomkins. 1972. Gluco
corticoid Receptors: Relations Between Steroid Binding and
Biological Effects. Journal of Molecular Biology. 67: 99-115.
Sakaue, Y. and E. B. Thompson. 1977. Characterication of Two
Forms of Glucocorticoid Hormone - Receptor Complex Separated
by SEAE - Cellulose Column Chromatography. Biochemical and
Biophysical Research Connunications. 77: 533-541.
Scatchard, G. 1949. The Attractions of Proteins for Small
Molecular and Ions. Artrtals of the New York Academy of
Sciences. 51: 660-672.
Singer, S. and G. Litwack. 1971. Effects of Age and Sex on
JR-Cortisol Uptake, Binding and Metabolism in Liver and on
Enzyme Induction Capacity. Endocrinology. 88: 1448-1455.
Suthers, M. B., L. A. Pressley, and J. W. Funder. 1976.
Glucocorticoid Receptors: Evidence for a Second, Non-Gluco
corticoid Binding Site. Endocrinology. 99: 260-269.
Suyemitsu, T. and H. Terayama. 1975. Specific Binding Sites for
Natural Glucocorticoids in Plasma Membranes of Rat Liver.
Endocrinology. 96: 1499-1508.

34
Wolff, M. E., and J. D. Baxter. 1978. Nature of Steroid Glucocorticoid Receptor Interactions.: Thermodynamic
Analysis of the Binding Reaction.· Biochemistry. 17: 3201-3208,
Wrange, Orjan. 1976. Characteristics of the Corticosterone Receptor Complex in Rat Liver Cytosol. · Biochimica et
Biophysica Acta. 434: 483-489.

